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DETAILED ACTION 

1. Claims 1-51 are pending in this application. 

Claim Objections 

2. Claims 1-2, 5, 17-23, and 35-39 are objected to because of the following informalities: 
Claims 1-2, 17-23, and 35-39 recite the limitation "computer process" in several 

instances. It is Examiner's understanding that the claimed "computer process" could also be 
categorized as a "computer implemented method". The latter phrasing is preferable since a 
"computer process" could be construed as a process scheduled for execution on a computer 
system. 

In line of claim 5, "target program" should read "the target program". 
Appropriate correction is required. 

Claim Rejections - 35 USC § 112 

3. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

4. Claim 12 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

Claim 12 recites the limitation "the allocation parameter" in line 4. There is insufficient 
antecedent basis for this limitation in the claim. 
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Claim Rejections - 35 USC §102 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

6. Claims 1-6, 15-26, 31-32, and 34-51 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Jagannathan et al. (USPN 5,692,193) (hereinafter Jagannathan). 

As per claim 1, Jagannathan teaches the invention as claimed, including a computer 
program product encoding a computer program for executing on a computer system a computer 
process for managing allocation of program data in a target program between one or more 
thread-specific heaps and at least one shared heap, the program data including thread-specific 
data and shared data, the computer process comprising: 

analyzing the target program to distinguish between the thread-specific data of a first 
program thread and the shared data (col. 10 lines 21-35); 

configuring the target program to allocate the thread-specific data of the first program 
thread to a first thread-specific heap, responsive to the analyzing operation (col. 20 line 56 - col. 
21 line 26); and 

configuring the target program to allocate the shared data to the shared heap, responsive 
to the analyzing operation (col. 21 lines 27-57). 
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As per claim 2, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the analyzing operation comprises analyzing the target 
program to distinguish among the thread-specific data of the first program thread, the thread- 
specific data of a second program thread, and the shared data (col. 20 line 56 - col. 21 line 57), 
and wherein the computer process further comprises: 

configuring the target program to allocate the thread-specific data of the second program 
thread to a second thread-specific heap, responsive to the analyzing operation (col. 20 line 56 - 
col. 21 line 26). 

As per claim 3, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the analyzing operation comprises: 

identifying program data in the target program as the thread-specific data of the first 
program thread, if the program data is not referenced by any other program thread of the target 
program (col. 21 lines 7-26). 

As per claim 4, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the analyzing operation comprises: 

identifying program data in the target program as the thread-specific data of the first 
program thread based on a thread escape analysis (col. 21 lines 38-57). 
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As per claim 5, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein target program further includes a second program thread and 
the analyzing operation comprises: 

identifying program data in the target program as the shared data, if the program data is 
referenced by the first program thread and the second program thread of the target program (col 
21 lines 27-37). 

As per claim 6, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the analyzing operation occurs prior to the execution of the 
target program (col. 10 lines 21-35). 

As per claim 15, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the thread-specific data occurs prior to execution of the target program (col. 14 lines 5-53). 

As per claim 16, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the shared data occurs prior to execution of the target program (col. 14 lines 5-53). 

As per claim 17, Jagannathan teaches the invention as claimed, including the computer 
program of claim 1 wherein the computer process further comprises: 
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garbage collecting the thread-specific data from the first thread-specific heap 
independently of garbage collection of the shared data in the shared heap (col. 21 lines 7-26). 

As per claim 18, Jagannathan teaches the invention as claimed, including the computer 
program of claim 1 wherein the computer process further comprises: 

garbage collecting the thread-specific data from the first thread-specific heap 
independently of garbage collection of a second thread-specific heap (col. 21 lines 7-26). 

As per claim 19, Jagannathan teaches the invention as claimed, including the computer 
program of claim 1 wherein the computer process further comprises: 

garbage collecting the thread-specific data from the first thread-specific heap 
independently of the execution of another program thread in the target program (col. 21 lines 7- 
26). 

As per claim 20, Jagannathan teaches the invention as claimed, including the computer 
program of claim 1 wherein the computer process further comprises: 

garbage collecting the shared data from the shared heap independently of garbage 
collection of the thread-specific data in the first thread-specific heap (col. 21 line 66 - col. 22 line 
20). 



As per claim 21, Jagannathan teaches the invention as claimed, including the computer 
program of claim 1 wherein the computer process further comprises: 
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maintaining a remembered set identifying references to one or more shared data in the 
shared heap (col. 21 line 66 - col. 22 line 20); and 

collecting the shared heap independently of garbage collection of the first thread-specific 
heap (col. 21 line 66 - col. 22 line 20). 

As per claim 22, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the computer process further comprises: 

collecting a portion of the shared data from the shared heap to leave an uncollected 
portion of the shared data in the shared heap, the uncollected portion of the shared data including 
shared data that is referenced by thread-specific data of the first thread-specific heap that has not 
yet been scanned (col. 22 lines 12-20); 

scanning the thread-specific data from the first thread-specific heap, responsive to the 
operation of collecting a portion of the shared data (col. 22 lines 12-20); and 

collecting the uncollected portion of the shared data from the shared heap, responsive to 
the scanning operation (col. 22 lines 12-20). 

As per claim 23, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 22 wherein the computer process further comprises: 
collecting the thread-specific data from the first thread-specific heap, responsive to the operation 
of collecting a portion of the shared data (col. 21 lines 38-57). 
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As per claim 24, Jagannathan teaches the invention as claimed, including the computer 
program product of claim 1 wherein the shared heap is shared by a subset of the program threads 
of the target program (col. 12 line 66 - col. 13 line 22), wherein the subset of program threads 
includes less than all of the program threads of the target program (col. 12 line 66 - col. 13 line 
22). 

As per claim 25, Jagannathan teaches the invention as claimed, including a method of 
allocating of program data in a target program between one or more thread-specific heaps and at 
least one shared heap, the program data including thread-specific data and shared data, the 
method comprising: 

analyzing the target program to distinguish between the thread-specific data of a first 
program thread and the shared data (col. 10 lines 21-35)- 

configuring the target program to allocate the thread-specific data of the first program 
thread to a first thread-specific heap, responsive to the analyzing operation (col. 20 line 56 - col. 
21 line 26); and 

configuring the target program to allocate the shared data to the shared heap, responsive 
to the analyzing operation (col. 21 lines 27-57). 

As per claim 26, Jagannathan teaches the invention as claimed, including the method of 
claim 25 wherein target program further includes a second program thread and the analyzing 
operation comprises: 
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identifying program data in the target program as the shared data, if the program data is 
referenced by the first program thread and the second program thread of the target program (col. 
21 lines 27-37). 

As per claim 3 1 , Jagannathan teaches the invention as claimed, including the method of 
claim 25 further comprising: 

collecting a portion of the shared data from the shared heap to leave an uncollected 
portion of the shared data in the shared heap, the uncollected portion of the shared data including 
shared data that is referenced by thread-specific data of the first thread-specific heap that has not 
yet been scanned (col. 22 lines 12-20); 

scanning the thread-specific data from the first thread-specific heap, responsive to the 
operation of collecting a portion of the shared data (col. 22 lines 12-20); and 

collecting the uncollected portion of the shared data from the shared heap, responsive to 
the scanning operation (col. 22 lines 12-20). 

As per claim 32, Jagannathan teaches the invention as claimed, including the method of 
claim 3 1 further comprising: 

collecting the thread-specific data from the first thread-specific heap, responsive to the 
operation of collecting a portion of the shared data (col. 21 lines 38-57). 

As per claim 34, Jagannathan teaches the invention as claimed, including a compiler for 
managing allocation of program data of a target program between a shared heap and a 
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thread-specific heap, the program data including thread-specific data and shared data, the 
compiler comprising: 

a program analyzer analyzing the target program to distinguish between the threads 
specific data of a first program thread and the shared data (col. 10 lines 21-35); and 

a code specializer configuring the target program to allocate the thread-specific data of 
the first program thread to a first thread-specific heap (col. 20 line 56 - col. 21 line 26) and 
configuring the target program to allocate the shared data to the shared heap, responsive to the 
analyzing operation (col. 21 lines 27-57). 

As per claim 35, Jagannathan teaches the invention as claimed, including a computer 
program product encoding a computer program for executing on a computer system a computer 
process for managing memory used for program data in a target program having one or more 
thread-specific heaps and at least one shared heap, the program data including thread-specific 
data and shared data, the computer process comprising: 

allocating thread-specific data associated with a first program thread of the target 
program to a first thread-specific heap, the thread-specific data being determined to be reachable 
only by the first thread (col. 20 line 56 - col. 21 line 26); and 

allocating the shared data to the shared heap, the shared data being deemed potentially 
reachable by a plurality of the program threads of the target program (col. 21 lines 27-57), 

As per claim 36, Jagannathan teaches the invention as claimed, including the computer 
program of claim 35 wherein the computer process further comprises: 
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garbage collecting the thread-specific data from the first thread-specific heap 
independently of garbage collection of the shared data in the shared heap (col. 21 lines 7-26). 

As per claim 37, Jagannathan teaches the invention as claimed, including the computer 
program of claim 35 wherein the computer process further comprises: 

garbage collecting the thread-specific data from the first thread-specific heap 
independently of the execution of another program thread in the target program (col. 21 lines 7- 
26). 

As per claim 38, Jagannathan teaches the invention as claimed, including the computer 
program of claim 35 wherein the computer process further comprises: 

garbage collecting the shared data from the shared heap independently of garbage 
collection of the thread-specific data in the first thread-specific heap (col. 21 line 66 - col. 22 line 
20). 

As per claim 39, Jagannathan teaches the invention as claimed, including the computer 
program of claim 35 wherein the computer process further comprises: 

maintaining a remembered set identifying references to one or more shared data in the 
shared heap (col. 21 line 66 - col. 22 line 20); and 

collecting the shared heap independently of garbage collection of the first thread-specific 
heap, based on the references identified in the remembered set (col. 21 line 66 - col. 22 line 20). 
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As per claim 40, Jagannathan teaches the invention as claimed, including a method of 
managing memory used for program data in a target program having one or more thread-specific 
heaps and at least one shared heap, the program data including thread-specific data and shared 
data, the method comprising: 

allocating thread-specific data associated with a first program thread of the target 
program to a first thread-specific heap, the thread-specific data being determined to be reachable 
only by the first thread (col. 20 line 56 - col. 21 line 26); and 

allocating the shared data to the shared heap, the shared data being deemed potentially 
reachable by a plurality of the program threads of the target program (col. 21 lines 27-57). 

As per claim 41, Jagannathan teaches the invention as claimed, including the method of 
claim 40 further comprising: 

garbage collecting the thread-specific data from the first thread-specific heap 
independently of garbage collection of the shared data in the shared heap (col. 21 lines 7-26). 

As per claim 42, Jagannathan teaches the invention as claimed, including the method of 
claim 40 further comprising: 

garbage collecting the thread-specific data from the first thread-specific heap 
independently of the execution of another program thread in the target program (col. 21 lines 7- 
26). 
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As per claim 43, Jagannathan teaches the invention as claimed, including the method of 
claim 40 further comprising: 

garbage collecting the shared data from the shared heap independently of garbage 
collection of the thread-specific data in the first thread-specific heap (col. 21 line 66 - col. 22 line 
20). 

As per claim 44, Jagannathan teaches the invention as claimed, including the method of 
claim 40 further comprising: 

maintaining a remembered set identifying, references to one or more shared data in the 
shared heap (col. 21 line 66 - col. 22 line 20); and 

collecting the shared heap independently of garbage collection of the first thread-specific 
heap, based on the remembered set (col. 21 line 66 - col. 22 line 20). 

As per claim 45, Jagannathan teaches the invention as claimed, including the method of 
claim 40 further comprising: 

collecting a portion of the shared data from the shared heap to leave an uncollected 
portion of the shared data in the shared heap, the uncollected portion of the shared data including 
shared data that is referenced by thread-specific data of the first thread-specific heap that has not 
yet been scanned (col. 22 lines 12-20); 

scanning the thread-specific data from the first thread-specific heap, responsive to the 
operation of collecting a portion of the shared data (col. 22 lines 12-20); and 
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collecting the uncollected portion of the shared data from the shared heap, responsive to 
the scanning operation (col. 22 lines 12-20). 

As per claim 46, Jagannathan teaches the invention as claimed, including the method of 
claim 45 further comprising: 

collecting the thread-specific data from the first thread-specific heap, responsive to the 
operation of collecting a portion of the shared data (col. 21 lines 38-57). 

As per claim 47, Jagannathan teaches the invention as claimed, including a memory 
manager for managing heap memory in a computer system, the heap memory being used to store 
program data, the program data including thread-specific data and shared data, the memory 
manager comprising: 

an allocation module allocating thread-specific data associated with a first program 
thread of the target program to a first thread-specific heap, the thread-specific data being 
determined to be reachable only by the first thread (col. 20 line 56 - col. 21 line 26), and 
allocating the shared data to the shared heap, the shared data being deemed potentially reachable 
by a plurality of the program threads of the target program (col. 21 lines 27-57). 

As per claim 48, Jagannathan teaches the invention as claimed, including the memory 
manager of claim 47 further comprising: 
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a garbage collector reclaiming memory associated with the thread-specific data from the 
first thread-specific heap independently of garbage collection of the shared data in the shared 
heap (col. 21 lines 7-26). 

As per claim 49, Jagannathan teaches the invention as claimed, including the memory 
manager of claim 47 further comprising: 

a garbage collector reclaiming memory associated with the thread-specific data from the 
first thread-specific heap independently of the execution of another program thread in the target 
program (col. 21 lines 7-26). 

As per claim 50, Jagannathan teaches the invention as claimed, including the memory 
manager of claim 47 further comprising: 

a garbage collector reclaiming memory associated with the shared data from the shared 
heap independently of garbage collection of the thread-specific data in the first thread-specific 
heap (col. 21 line 66 - col. 22 line 20). 

As per claim 51, Jagannathan teaches the invention as claimed, including the memory 
manager of claim 47 wherein the memory manager maintains a remembered set identifying 
references to one or more shared data in the shared heap (col. 21 line 66 - col. 22 line 20) and 
further comprising: 
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a garbage collector reclaiming memory associated with the shared heap independently of 
garbage collection of the first thread-specific heap, based on the remembered set (col. 21 line 66 
- col. 22 line 20). 

Claim Rejections - 35 USC § 103 

7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

8. Claims 7-14, 27-30, and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Jagannathan in view of Benayon et al. (USPN 5,809,554) (hereinafter Benayon). 

As per claim 7, Benayon teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the thread- specific data comprises: 

replacing an original allocation instruction in the target program with a new instruction 
that allocates the thread-specific data of the first program thread to the first thread-specific heap 
associated with the first program thread (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 29). 

It would have been obvious to one of ordinary skill in the art to combine Jagannathan and 
Benayon since dynamic changes in an execution context may require different allocation 
parameters depending on current conditions. Jagannathan is limited in this respect since the 
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programming environment disclosed, Sting, is built on top of a sequential programming 
language, Scheme, that compiles and executes without modification (col. 10 lines 21-35). 
Although source level modifications to code cannot be made, Benayon provides a way of 
transparently modifying the allocation parameters of a thread such that heap allocation can be 
controlled if a user desires. After the resources are allocated for a specific thread, the allocation 
parameters return to the default. This achieves the claimed result of providing control over 
allocating data to the thread-specific heap or shared heap in a manner that maintains the integrity 
of the original source code. 

As per claim 8, Benayon teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the thread-specific data comprises: 

leaving an original allocation instruction in the target program to allocate the thread- 
specific data of the first program thread to the first thread-specific heap associated with the first 
program thread (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 29). 

As per claim 9, Benayon teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the shared data comprises: 

leaving an original allocation instruction in the target program to allocate the shared data 
to the shared heap (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 29). 
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As per claim 10, Benayon teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the shared data comprises: 

replacing an original allocation instruction in the target program with a new instruction 
that allocates the shared data to the shared heap (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 
29). 

As per claim 11, Benayon teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the thread-specific data comprises: 

configuring an allocation parameter associated with the thread-specific data indicating 
that the thread-specific data of the first program thread is to be allocated in the one of the thread- 
specific heaps (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 29). 

As per claim 12, Benayon teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the thread-specific data further comprises: 

allocating the thread-specific data of the first program thread to the first thread-specific 
heap associated with the first program thread, responsive to the allocation parameter (col. 2 lines 
53-58; col. 9 line 25 - col. 10 line 29). 
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As per claim 13, Benayon teaches the invention as claimed, including the computer 
program product of claim 1 wherein the operation of configuring the target program to allocate 
the shared data comprises: 

configuring an allocation parameter associated with the shared data indicating that the 
shared data is to be allocated in the shared heap (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 
29). 

As per claim 14, Benayon teaches the invention as claimed, including the computer 
program product of claim 13 wherein the operation of configuring the target program to allocate 
the shared data further comprises: 

allocating the shared data to the shared heap, responsive to the allocation parameter (col. 
2 lines 53-58; col 9 line 25 - col. 10 line 29). 

As per claim 27, Benayon teaches the invention as claimed, including the method of 
claim 25 wherein the operation of configuring the target program to allocate the thread-specific 
data comprises: 

replacing an original allocation instruction in the target program with a new instruction 
that allocates the thread-specific data of the first program thread to the first thread-specific heap 
associated with the first program thread (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 29). 
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As per claim 28, Benayon teaches the invention as claimed, including the method of 
claim 25 wherein the operation of configuring the target program to allocate the thread-specific 
data comprises: 

leaving an original allocation instruction in the target program to allocate the thread- 
specific data of the first program thread to the first thread-specific heap associated with the first 
program thread (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 29). 

As per claim 29, Benayon teaches the invention as claimed, including the method of 
claim 25 wherein the operation of configuring the target program to allocate the shared data 
comprises: 

replacing an original allocation instruction in the target program with a new instruction 
that allocates the shared data to the shared heap (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 
29). 

As per claim 30, Benayon teaches the invention as claimed, including the method of 
claim 25 wherein the operation of configuring the target program to allocate the shared^data 
comprises: 

leaving an original allocation instruction in the target program to allocate the shared data 
to the shared heap (col. 2 lines 53-58; col. 9 line 25 - col. 10 line 29). 
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As per claim 33, Benayon teaches the invention as claimed, including the method of 
claim 25 wherein the operation of configuring the target program to allocate the thread-specific 
data comprises: 

configuring an allocation parameter associated with the thread-specific data indicating 
that the thread-specific data of the first program thread is to be allocated in the first thread- 
specific heap (col. 2 lines 53-58; col. 9 line 25 - col 10 line 29). 
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